The adhesins of C. albicans Arbitarily, four adhesin-recognition systems were initially proposed for C. albicans-host cells1). The list of C. albicans adhesins, now expanded to five systems, is based upon the recognition components of both the Candida and the host cell ligand (Table 1) . Because of a lack of sequence data, it is impossible to predict the actual number of adhesins. Thus, a single mannoprotein may have several binding activities, or, alternatively, each activity may be associated with a different mannoprotein.
The System I adhesin has been characterized by Douglas and co-workers10-12). Extracellular polymer (EP) of blastoconidia grown in high concentrations of galactose was highly antigenic and was also effective in blocking the adherence of the organism to both human buccal and vaginal epithelial cells. Further, the adherence of cells to plastic was increased if EP was first coated on the surface of the plastic. Subsequently, it was observed that lectins which recognize fucose could block adherence of the organism when these lectins were incubated with the epithelial cells. While most strains of C. albicans followed this pattern, the adherence of at least one strain was not inhibited by fucose-binding lectins but was inhibited by lectins which recognize glucosamine or N-acetylglucosamine. The purification of the Candida adhesin was accomplished by a combination of Con A, DEAE and ligand affinity chromatography. In the latter instance, the blood group H antigen (containing a terminal a-1, 2-fucosyl residue) was used in purification.
The properties of this adhesin include: (a) the adhesin is a mannoprotein but the host recognition site of the molecule resides in the protein component (b) the adhesin has been extracted from blastoconidia but its association with hyphal cells apparently has not been studied (c) the molecular mass of the protein has not been reported (d) the mannoprotein exhibits a lectin activity based upon its ability to recognize sugar residues of host cell glycosides and (e) linked to an internal N-acetylgalactosamine were inactive in blocking adherence of the organism. Tosh and Douglas10) used the blood group H antigen (which possesses a terminal fuucosyl residue) to purify the lectin adhesin.
In their experiments, EP (extracellular polymer) was fractionated using Con A and DEAE chromatography.
Subsequently, the active material was treated with protease, Nglycanase and alkali to yield a peptide which could also block adherence of blastoconidia. Papain digestion, however, by cleaving the molecule, did not allow for the determination of the molecular mass of the adhesin.
System II Adhesin
Several laboratories have described the rosetting (adherence) of antibody-sensitized erythrocytes (EA) that are conjugated with the complement C3 conversion products, C3d and iC3b13-16). The rosetting with EAC3d and EAiC3b occurred more readily with hyphal forms of the organism than with blastoconidia and appeared to be specific for C. albicans and C. stellatoidea.
These activities have been referred to as CR2 (C3d) and CR3
(iC3b) (CR=complement receptor), based upon the nomenclature used for mammalian cell CR2 and CR3, each of which is a distinct protein.
However, the mammalian CR3 (or -2 integrin) and CR 2 may overlap in their ligand specificity.
The identification of the CR2 and CR3
proteins from C. albicans has been accomplished from crude extracts of C. albicans using ligand or monoclonal (MAb) -affinity chromatography or direct blotting with ligands or anti-mammalian CR3 MAb. In all studies reported, overlap in molecular masses of reactive proteins has been reported. Using C3d-ligand affinity chromatography, mannoproteins of 60 and 68kD were purified from crude extracts of hyphae16) . Several MAb were generated which blocked the rosetting of the organism with EAC3d. When used in affinity chromatography, one of these MAbs (CA-A) could be used to purify proteins of a molecular mass similar to those obtained using C3d-ligand chromatography24) The C. albicans CR2 could also be purified from culture filtrates of hyphal cells using a polyclonal antibody (PAb) raised in rabbits against the purified CR225) . With the extracellular form, the CR2 function was associated with a mannoprotein of 55kD and could be cleaved to a lower molecular mass species of 45kD with N-glycanase. However, the treated protein was still reactive with Con A indicating that the protein still was mannosylated.
More recently, the CR2 from blastoconidia has been extracted and characterized26). These studies were initiated by the observation that the CR2 protein ws associated with the plasma membrane in blastoconidia; however, during conversion to hyphae, the CR2 became distributed within the cell wall and at the surface of the hyphal cell27) . Both growth forms were extracted with dithiothretiol (DTT), and the extracts were subjected to Western blot analyses using both MAb and PAb to the CR2. The major reactive species from hyphae was a 60kD mannoprotein (as mentioned above) while the major mannoprotein species from blastoconidia was 50kD. Differences in the reactivity of these two proteins were observed in regard to lectin binding and sensitivity to glycosidases. For example, the 50kD mannoprotein reacted with Con A but did not bind wheat germ agglutinin (WGA), a lectin with an affinity for glucosamine or N-acetyl glucosamine residues. Also, the 50kD mannoprotein was not sensitive to any of the glycosidases tested, including N-glycanase, endoglycosidase F or endoglycosidase H. In comparison, the 60kD mannoprotein reacted with both Con A and WGA and was sensitive to both N-glycanase and endo F but insensitive to endo H. Both the purified 50 and 60kD mannoproteins following purification could bind EAiC3b and EAC3d, indicating that recognition of both ligands was associated with a single protein.
These data indicate that both growth forms have a functional CR2 but that the location of the CR2 is growth form specific. Equally intriguing is the observation that the oligosaccharide of each species must be structurally dissimilar since each reacts differently with lectins and glycosidases. A second approach which has been utilized to identify CR-proteins is direct ligand blotting of crude extracts from C. albicans28-31).
Mannoproteins of 60 and 68kD have been identified when extracts are blotted with C3d, fibrinogen, laminin or fibronectin (Table  2) . However, a 58kD mannoprotein was identified as an additional species which could bind fibrinogen but was unable to bind fibronectin, type IV collagen or laminin31)
The relative activity of the 60 and 68kD proteins seem to be higher on hyphal forms of the organism27-30), although, in the study which demonstrated a reactive 58kD mannoprotein, the protein was distributed However, the Candida CR2 protein differs dramatically from the human B-cell CR2 (Table 3) . For example, the pI is 3.9-4.1 compared to the near-neutral pH of the mammalian protein. A more recent approach to the isolation of genes from C. albicans encoding an adhesin function is that reported by in which nonadhering Saccharomyces cerevisiae are transformed to an adhering (and agglutinating)
phenotype using a Candida library 37).
In vivo properties of the Candida albicans
CR2
In addition to those studies described above in regard to the identification of the C.
albicans CR 2 by immunoelectron microscopy, we have also observed that patient sera react with the purified CR2 in Western blot analyses38).
Also, in a mouse model of subcutaneous candidiasis, lymphocytes from 
